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ABSTRACT 



We report new nearby L and late-M dwarfs (d p hot ^ 30 pc) discovered in our 
search for nearby ultracool dwarfs (I — J ^ 3.0, later than M8.0) at low Galactic 
latitude < 15°) over 4,800 square degrees in the DENIS database. We used late- 
M (^M8.0), L, and T dwarfs with accurate trigonometric parallaxes to calibrate the 
Mj versus I — J colour-luminosity relation. The resulting photometric distances have 
standard errors of ~ 15%, which we used to select candidates d p hot ^ 30 pc. We 
measured proper motions from multi-epoch images found in the public archives AL- 
ADIN, DSS, 2MASS, DENIS, with at least three distinct epochs and time baselines 
of 10 to 21 years. We then used a Maximum Reduced Proper Motion cutoff to select 
28 candidates as ultracool dwarfs (M8.0-L8.0) and to reject one as a distant red star. 
No T dwarf candidates were found in this search which required an object to be de- 
tected in all three DENIS bands. Our low-resolution optical spectra confirmed that 
26 of them were indeed ultracool dwarfs, with spectral types from M8.0 to L5.5. Two 
contaminants and one rejected by the Maximum Reduced Proper Motion cutoff were 
all reddened F-K main sequence stars. 20 of these 26 ultracool dwarfs are new nearby 
ultracool dwarf members, three L dwarfs within 15 pc with one L3.5 at only ~10 pc. 
We determine a stellar density of $j cor = (1.64 ± 0.46). 10 -3 dwarfs pc -3 mag -1 over 
11.1 ^ Mj ^ 13.1 based on that sample of M8-L3.5 ultracool dwarfs. Our ultracool 
dwarf density value is in good agreement with the Cruz et al. measurement of the 
ultracool dwarf density at high Galactic latitude. 

Key words: facility: SSO:2.3m - stars: low mass, brown dwarfs - stars: luminosity 
function, mass function - techniques: photometric - techniques: spectroscopic - solar 
neighbourhood. 



1 INTRODUCTION 

Nearby stars are the brightest representatives of their class, 
and therefore provide observational benchmarks for stellar 
physics. This is particularly true for intrinsically faint ob- 
jects, such as stars at the bottom of the main sequence, and 
brown dwarfs. 



In the last 
dwarfs have b een 

' Epchteinl I199TT) . 2MASS dSkrutskie et 



decade, many nearby ultracool 
discov ered by using the DENIS 
alJ Jl997l ). SDSS 



( York et alj|2000h. UKIDSS (lLawrence et all 120071) surveys 
I Delfosse et al l Il999l: iMartfn et all Il999l: |Phan-Bao et all 
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Deacon. Hamblv fc Cookel 120051 : lLodieu et all 120051 . 
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iKnapp et ai]|2004 IChiu et al J l2006h or th e proper motion 
measurement ( Lepine. Shara fc Richll2002h . 

However, most surveys for nearby ultracool dwarfs 
have tended to avoid the crowded regions of the Galac- 
tic plane. The first systematic se arch f o r ultr acool dwarfs 
(|6| < 10°) was carried out by iReidl <|2003l ), he discov- 
ere d one M8 an d reide nt ified one LI. 5 prev i ously discovered 
by ISalim et al] (|2003l ). lHambarvan et al.1 (12004 ) reported 
an M9.0 dwarf 1RXS J115928.5-524717 (6 = 9.3°) show- 
ing st rong X-ray flaring emission. Recently, iFolkes et al.l 
(2007) discovered an L-T transition object close in the 
Galactic plane 2MASS J11263991-5003550 (L9, b = 10.6°). 
Four other ultracool dwarfs at low Galacti c latitudes 
(|fc| < 15°) we re also discovered: one M 8 l|Cruz et al.l 
2003); one L2 dScholz fc Meusingen |2002j ): one L0 and 
one L4.5 l|Kendall et al.l I2007T). the latter L4.5 dwarf is 
actually an L1+L3.5 (iKendall et al.1 120071 ) or L1.5+L4.5 
(jBurgasser et al.|[2007h binary. 

These discoveries of ultracool dwarfs in the Galactic 
plane provide additional targets with which to study the 
basic physical properties of stars at the bottom of the main 
sequence and brown dwarfs; however, many remain to be 
discovered. 

In our previous work on an ultracool dwarf search at 
high Galactic latitude (|bj ^ 15°), we (|Phan-Bao et al.1 
120031 ') used the Maximum Reduced Proper Motion (MRPM) 
method to select mid-M dwarfs (2.0 «S I - J < 3.0, ~M6.0- 
M8.0) in the DENIS database. This allowed us to identify 
not only high proper motion (high-pm, fi ^ 0.l"y r_1 ) M 
dwarfs, but also some with low proper motion (low-pm, 
fj, < 0.1"yr -1 ), such as DENIS-P J1538317- 103850 (M5.0, 
pi = 20 mas yr _1 ). Here we apply the same technique to 
a search for nearby dwarfs cooler than M8.0 (1 — J ^ 3.0) 
at low Galactic latitude (|6| < 15°) in the whole DENIS 
database (90% complete of the DENIS survey). This corre- 
sponds to a sky surface coverage of ~4,800 square degrees 
or 44.9% of the Galactic plane (|fo| < 15°). In this search, 
we discovered 20 new ultracool dwarfs and recovered 6 pre- 
viously known ones, giving a significant fraction of 77% of 
new ultracool dwarfs in our sample. 

We present our Mj versus I — J colour-magnitude re- 
lation in Section 2, and review the ultracool dwarf candi- 
date selection in Section 3. We describe the proper motion 
measurements in Section 4, and the MRPM filtering of the 
candidates in Section 5. We present our low-resolution op- 
tical spectra and further spectral analysis in Section 6. We 
discuss the completeness of the sample in Section 7 and give 
a summary in Section 8. 
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Figure 1. (Mj, I — J) colour-magnitude diagram for late-M 
(^M8.0) and L dwarfs with known trigo nometric paral laxes (data 
in Table [TJ. 2MASS 0559-1404 (T5.0. iBurgasser et alj|2002ft is 
overluminous, by more than the 0.75 magnitude offset expected 
for an equal mass binary system. 



[ Burgasser et al.ll200St) to 7c, using the linear correction of 
keid et al.l (|200ll ^. 

Figure [T] shows the resulting (/ — J, Mj) plot, and the 
corresponding 4 th order polynomial fit: 

Mj = a + ai {I ~ J) + a 2 {I - J) 2 + a 3 (I - J) 3 

+ a 4 (/-J) 4 (1) 

where a = 130.164, a x = -124.899, a 2 = 46.948, a 3 = 
-7.4842, a 4 = 0.4341, valid for 3.0 < I — J < 6.0. The 
rms dispersion around that fit is 0.30 mag, corresponding to 
a 14% error on distances. 



2 COLOUR - MAGNITUDE RELATION 



3 SELECTION CRITERIA 



We identified 47 very cool and nearby (d < 32 pc) dwarfs in 
the literature with trigonometric parallaxes and good pho- 
tometry (e.g. errors smaller than 0.2 mag) (Tablc[T]). For our 
limited present purpose the DENIS sys tem is close en ough 
to both the Cousins-CIT (^ 05 mag. iDelfossel [l997r i and 
2MASS systems « 0.02 mag, ICarpenterl 120011 ). We there- 
fore ignored the small corrections needed to transform be- 
tween these photometric systems. We d id, on the other 
hand, transform the ^814 magnitudes of l|Reid et al.l 1200 J : 



We systematically searched the DENIS database (avail- 
able at the Paris Data Analysis Center, PDAC) for po- 
tential members of the solar neighbourhood, with simple 
and well defined criteria. We first selected all DENIS ob- 
jects which matched |6| < 15° (low Galactic latitude) 
and I — J ^ 3.0 (spectral type later than nominally M8.0, 
iLeggettl 1 19921 ). We then required that the position of the 
candidates in the (J — J, J — K) colour-colour diagram be 
within J — K — ±0.5 mag of our linear fit to the locus of 
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Table 1. 47 late-M, L, and T dwarfs with known trigonometric parallaxes 
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4.87 
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05 
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04 
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84.9 
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2M 1328+2114 


13 


28 


55 


04 


+21 


14 


48 


6 


L5.0 


20.09 


3.90 


1 


92 


0.06 


0.11 


0.08 


31.0 


3.8 


14,10,7,7,10 


S* 1346-0031 


13 


46 


46 


45 


-00 


31 


50 


4 


T6.0 


21.03 


5.27 





11 


0.18 


0.05 


0.05 


72.7 


5.0 


19,10,15,15,8 


LHS 2924 


11 


28 


13 


23 


+33 


10 


39 


1 


M9.0 


15.21 


3.22 


1 


25 


0.02 


0.02 


0.02 


90.8 


1.3 


11,23,7,7,24 


2M 1439+1929 


14 


39 


28 


37 


+19 


29 


15 





L1.0 


16.12 


3.36 


1 


21 


0.01 


0.02 


0.02 


69.6 


0.5 


14,10,7,7,10 


Gl 570D 


14 


57 


15 


00 


-21 


21 


48 





T8.0 


20.94 


5.90 


-0 


39 


0.18 


0.05 


0.05 


169.3 


1.7 


19,10,15,15,20 


T* 513-46546 


15 


01 


08 


19 


+22 


50 


02 





M9.0 


15.16 


3.29 


1 


16 


0.04 


0.02 


0.02 


94.4 


0.6 


11,10,7,7,10 


2M 1507-1627 


15 


07 


47 


68 


-16 


27 


41 





L5.0 


16.69 


3.82 


1 


56 


0.11 


0.08 


0.07 


136.4 


0.6 


9,2,2,2,10 


T* 868-110639 


15 


10 


16 


86 


-02 


41 


07 


4 


M9.0 


15.73 


3.09 


1 


32 


0.05 


0.07 


0.09 


57.5 


1.9 


11,2,2,2,3 


Gl 584C 


15 


23 


22 


63 


+30 


14 


56 


2 


L8.0 


20.27 


4.18 


1 


71 


0.11 


0.05 


0.05 


53.7 


1.2 


5,10,15,15,20 


S* 1624+0029 


16 


24 


14 


37 


+00 


29 


15 


6 


T6.0 


20.88 


5.41 


-0 


06 


0.18 


0.05 


0.05 


91.5 


2.3 


19,10,15,15,10 


2M 1632+1904 


16 


32 


29 


11 


+19 


01 


10 


7 


L8.0 


19.98 


4.11 


1 


87 


0.05 


0.05 


0.05 


65.6 


2.1 


14,10,7,7,10 


2M 1658+7027 


16 


58 


03 


81 


+70 


27 


01 


6 


L1.0 


16.68 


3.39 


1 


37 


0.02 


0.02 


0.02 


53.9 


0.7 


12,10,7,7,10 


Epsilon Indi Ba 


22 


04 


10 


97 


-56 


17 


00 


4 


T1.0 


17.14 


4.58 


1 


26 


0.12 


0.10 


0.10 


275.8 


0.7 


29,2,2,2,20 


Epsilon Indi Bb 


22 


04 


10 


97 


-56 


47 


00 


4 


T6.0 


18.64 


5.14 





02 


0.12 


0.10 


0.10 


275.8 


0.7 


29,2,2,2,20 


2M 2224-0158 


22 


24 


43 


85 


-01 


58 


52 


1 


L4.5 


18.03 


4.08 


1 


98 


0.17 


0.08 


0.09 


88.1 


1.1 


5,2,2,2,10 


2M 2356-1553 


23 


56 


54 


77 


-15 


53 


11 


1 


T6.0 


21.21 


5.44 





05 


0.10 


0.06 


0.18 


69.0 


3.4 


19,25,2,2,8 



Abbreviations.— 2M: 2MASS; T*: TVLM; S*: SDSS; D*: DENIS 
Cols. (1)— (3): object name, right ascension and declination for equinox J2000 from SIMBAD; col. (4): spectral type; cols. (5)— (7), and 
(8)-(10): /-magnitude, colours and associated standard errors; cols. (11) & (12): trigonometric parallax and its standard error; col. (13): 

references for col umns 4—7, and 11. 

References. — (lllGolimowski et al.l ||2004|); (2): DENIS photometry; (3): Ivan Altena. Lee fc Hoffleitl lll995ll; f4):lGeballe et al. 
iKirkpatrick et al.l ll2000ll: f6l:lGizis et al.l ll2003h: (7 ) : 2MA SS ph otometry: (SY.Wrha. et al.l ll20q4h~(9 ): lReid et al.lll2000h; (10) : lDahn et al.l 



1I2OO2I'); 



ll):lMarti'n et al 



IStephens fc Leegetlj ^Ooi); (16): iTinnevI dl996T)~7 171 

~^ ||2003 ' 



19991 ); (12):lGizis et al.l j200Ci); (13) iKirkpatrick. Henry fc Irwinl ll 1 99% ; (14): IKirkpatrick et al 
Leggett et al l d2001f); (18): lFan et al.l j200Cf); (19 ): iBurgasser et al.l 



2001) ; (23): 



HIPPARCOS; (21):IClose et al.l ||2003|); (22)TReid et al 
IBurgasser et al.N2003h : (26): lDelfosse et al.l (|200lh : (27):lE>. ;;» <>, 1 
||2004| ). 



1999); (15): 
20021) ; (20): 

Leggett Allard fc Hauschikul dl998T); (24) : lMonet et al.Nl992h; (25): 
Hamblvll|200jl : (28): lKoerner et al.Hl999h : (29): iMcCaughrean et al] 
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Table 2. 29 DENIS ultracool dwarf candidates 



DENIS-P 


name 


«2000 






<52000 






Epoch 


1 




1 


- J 


./ 


- K 


err/ 


err J 


errK 


J0615493- 


-010041 


06 


15 


19 


32 


-01 


00 


41 


2 


1996.060 


17 


00 


3 


24 


1 


45 


0.10 


0.08 





11 


J0630014- 


-184014 


06 


30 


01 


13 


-18 


10 


14 


7 


1999.863 


15 


88 


3 


17 


1 


33 


0.06 


0.07 





08 


J 0644 143- 


-284141 


06 


14 


14 


34 


-28 


41 


41 


9 


1996.954 


16 


96 


3 


17 


1 


14 


0.10 


0.09 





14 


J0649299- 


-154104 


06 


49 


29 


98 


-15 


41 


04 





1998.123 


18 


36 


3 


96 


1 


74 


0.22 


0.30 





15 


J0652197- 


-253450 


06 


52 


19 


73 


-25 


34 


50 


5 


2001.066 


15 


95 


3 


26 


1 


17 


0.06 


0.08 





09 


J0716478- 


-063037 


07 


16 


17 


88 


-06 


30 


37 


5 


1997.107 


17 


16 


3 


55 


1 


30 


0.11 


0.09 





13 


J0719234- 


-173858 


07 


19 


23 


11 


-17 


38 


58 


8 


1996.948 


18 


10 


3 


76 


2 


00 


0.19 


0.11 





11 


J0719358- 


-174910 


07 


19 


35 


86 


-17 


49 


10 


4 


1998.978 


18 


06 


3 


52 


1 


87 


0.16 


0.11 





14 


J0751164- 


-253043 


07 


51 


16 


11 


-25 


30 


13 


3 


1999.189 


16 


53 


3 


31 


1 


15 


0.07 


0.07 





11 


J0805110- 


-315811 


08 


05 


11 


03 


-31 


58 


11 


8 


2000.060 


16 


50 


3 


29 





84 


0.09 


0.08 





13 


J0812316- 


-244442 


08 


12 


31 


69 


-24 


11 


42 


1 


1996.301 


17 


27 


3 


38 


1 


39 


0.12 


0.10 





14 


J0823031- 


-491201 


08 


23 


03 


17 


-49 


12 


01 


3 


1999.973 


17 


14 


3 


56 


1 


72 


0.11 


0.09 





09 
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08 


28 


34 


34 


-13 


09 


19 
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1996.109 
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09 


3 


37 


1 


40 


0.06 


0.07 





10 


J1048278- 
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10 


48 


27 


82 


-52 


51 


18 


4 


2001.359 


17 


25 


3 


26 


1 


45 


0.13 


0.11 





14 


J1126399- 


-500355 


11 


26 


39 


93 


-50 


03 


55 


3 


1999.263 


17 


80 


3 


85 


1 


21 


0.15 


0.09 





13 


Jl 157480- 


-484442 


11 


57 


48 


08 


-48 


44 


42 


6 


1996.246 


17 


41 


3 


38 


1 


41 


0.12 


0.09 





13 


J1159274- 


-524718 


11 


59 


27 


12 


-52 


47 


18 


7 


1999.389 


14 


49 


3 


12 


1 


08 


0.03 


0.07 





07 


J1232178- 


-685600 


12 


32 


17 


80 


-68 


56 


00 


7 


1999.167 


15 


43 


3 


05 


1 


08 


0.05 


0.06 





07 


J1253108- 


-570924 


12 


53 


10 


87 


-57 


09 


24 


9 


2000.216 


16 


74 


3 


29 


1 


42 


0.09 


0.08 
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J1347590- 


-761005 


13 


47 


59 


07 


-76 


10 


05 


5 


1999.189 


17 


05 


3 


24 


1 


38 


0.11 


0.09 
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07 
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47 
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1998.375 
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90 
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70 


1 
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0.07 





09 


J1519016- 
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01 


62 


-74 


16 


13 


9 


1996.322 


16 


56 


3 


07 





92 


0.07 


0.08 





12 


J1520022- 
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20 


02 


24 


-44 


22 


42 


2 


1999.301 


16 


69 


3 


45 


1 


42 


0.08 


0.07 
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-544151 


17 


05 


47 


41 
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51 


2 
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20 
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21 
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17 
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45 


34 
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-16 


10 
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7 


2000.552 


17 


11 


3 


37 


1 


36 


0.12 
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-451822 
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56 
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64 


-45 
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4 


1999.321 
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3 


14 


1 


13 


0.06 


0.07 





08 


J1756561- 


-480509 
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56 


19 


-48 


05 


09 


5 


2000.533 


16 


74 


3 


41 


1 


19 


0.12 


0.10 





11 


J1909081- 


-193748 
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09 


08 


17 
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37 
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2001.466 
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72 
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Figure 2. (I — .},.} — K) colour-colour diagram for our 29 latc- 
M and L dwarf candidates (Table [SJ, plotted as solid circles, as 
well as known late-M and L dwarfs (Table [TJ; plotted as open 
triangles). Representative errorbars for one object are plotted. 
The line represents our linear fit to the colours of the literature 
dwarfs: J - K = -0.462 + 0.532(/ - J), a = 0.15. 



ultracool dwarfs (Fig. [2}. We then computed photometric 
distances using the (Mj, I — J) relation established in Sec- 
tion 2 and retained the candidates with d p hot ^ 30 pc. 

Before setting out to measure the - labour intensive - 
proper motions needed to use reduced proper motions as 
a discriminant between nearby dwarfs and distant giants 
(see Section 5 for further details), we eliminated the bright 
candidates (I < 13.0, d p hot << 30 pc) within the bound- 
aries of known low Galactic latitude molecular clouds in 
SIMBAD. This left 29 ultracool dwarf candidates (Table © 
for which we needed to measure proper motions. Their 
colour inferred spectral types range from M8.0 to ~L8.0 
(Fig.0. Six of these 29 candidates are previousl y known ul- 
traco ol dwarfs: 2MASS J064414 3-284141 (M8, ICruz et all 
l2003h : SSSPM J0829-1309 (L2. IScholz fe Meusingerll2002l ) 
2MASS J1126399-500355 (L9, iFolkes et al.l 120071) ; 1RXS 
J115928.5-524717 (M9, iFuhrmeister fc Schmittl 120031 : 



Hambarvan et al 



Kendall et al 



Kendall et al 



20041 ): 2MASS J1347590- 761005 (L0 



20071] : 2MASSS J 152 0022-442242 (L1+L3.5 
3; or L1.5+L4.5, iBurgasser et all 120071 ) 
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We also searched for T dwarf candidates by using the 
(I — J, J — K) colour-colour diagram along with a linear 
fit to the colours of T dwarfs from Table [TJ however no T 
dwarf candidates were found. This reflects the fact that 
the DENIS survey with limiting magnitudes of / = 18.5, 
J = 16.5, K = 14.0 is not very sensitive for T dwarf detec- 
tions. For example, a TO. 5 dwarf (Mi ~ 19.3, Mj ~ 14.8 
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Table 5. Intrinsic colors for giants 



MK 


Mi 


I - J 




References 




M4 


-3.49 


1.38 


7.7 


B88; T90 




M5 


-3.56 


1.86 


7.6 


B88; T90 




M6 


-3.59 


2.28 


7.6 


B88; T90 




M7 


-3.22 


2.75 


7.9 


B88; T90 




M8 


-2.96 


3.67 


8.2 


Fluks et al. 


(1994) 


M8 


-0.88 


4.79 


10.3 


Fluks et al. 


(1994) 



and Mj ~ 13.2, IVrba et all 120041 .) could be detected by 
DENIS in all three /, J and K b ands were its dista nce 
within ~7 pc, e.g. Epsilon Indi B i|Scholz et alj|2003j ). A 
relaxation in the request for detections in all three DENIS 
bands, for example requiring detections in the J and K 
bands but not the I band may allow us to detect nearby T 
dwarfs; however we did not consider such a search in this 
paper. 



4 PROPER MOTION MEASUREMENTS 

We queried ALADIN Q and the Digital Sky Survey (DSS) 
servei0 for publically available scanned plates containing 
these candidates. Both ALADIN and the DSS archive pro- 
vide access to the plates of the POSS-I (ii-band), SERC- 
R (ii-band), SERC-I (i-band), POSS-II F (ii-band), and 
POSS-II N (i-band) surveys. ALADIN additionally contains 
digitized images of the ESO-R survey (ii-band), which often 
extend the time baseline enough to significantly reduce the 
standard err or of our proper motion measurements. We used 
SExtractor |Bertin fc Arnoutslll996t ) to extract coordinates 
of our targets from all available digitized images. We then 
determined proper motions through a least-square fit to the 
positions at the 3 to 5 available epochs with time baselines 
spaning from 10 to 21 years, including DENIS__and 2MASS3. 
The uncertainty on the proper motion measurement is the 
rms dispersion around that fit. 

Table [__ and U present our proper motions and the as- 
sociated standard errors for 26 ultracool dwarfs and 3 red- 
dened main sequence stars, respectively (see Section 5 and 
6 for further details). 



L AND LATE-M DWARF CANDIDATES 
CLASSIFIED BY MAXIMUM REDUCED 
PROPER MOTION 



As in our search for nearby mid-M dwarfs ( Pha n-Bao et al.l 
l2003h . we use the MRPM method to reject giants. This 
method uses the reduced proper motion (H = M + 
51og(Vt/4.74) = m+5+log(/i)) versus colour diagram, where 
nearby ultracool dwarfs and distant giants segregate very 



1 http:/ /aladin.u-strasbg.fr/java/nph-aladin.pl 

2 http:/ /archive. stsci.edu/cgi-bin/dss_plate_finder 

3 http:/ /cdsweb.u-strasbg.fr/denis.html 

4 http:/ /cdsweb.u-strasbg.fr/viz-bin/VizieR 
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Figure 3. /-band reduced proper motions versus I — J. 
The dashed curve represents the maximum possible reduced 
proper motion for a giant, 7Jj max . Objects above this curve 
must be dwarfs. Three red, distant dwarfs are indicated: DE- 
NIS 0649-1541, DENIS 0719-1738 and DENIS 0719-1749 
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Figure 4. Proper motion distribution for the 26 ultracool dwarfs 
M8-L5.5 in this paper. The bin size is 0.1"y r 



cleanly. Concretely, we use the colour-magnitude relation of 
giants to compute the maximum reduced proper motion that 
a red giant can have at a given colour - setting its tangen- 
tial velocity to the Galactic escape velocity, for which we 
adopt a conservative 800 km s _1 f see iPhan-Bao et al. I l2003l 
and references therein) -, and then declare any object with 
a reduced proper motion above that value for its colour to 
be a dwarf. The detail s of the MRPM method are given in 
IPhan-Bao et alj i^OOSt ). 

To use this method here for the cooler M8.0-L8.0 can- 
didates, we had to extend the maximum reduced proper 
motion curve of giants towards redder colours (i — J ^ 
3.0), addi n g coo ler giants from iFluks et alj dl994h to the 
iThe et all (|l990h (hereafter T901: iBessell fc Bretti (|l988h 
(hereafter B88) sample used in our earlier article. Table 03 
presents the photometric data used in this paper and the 
maximum reduced proper motion computed for giants J/™ ax 
at the given colors. The following cubic least-square fit (see 
Fig- O is valid for 3.0 < i— J ^ 4.5, or dwarf spectral types 
between M8.0 and L8.0: 



6 N. Phan-Bao et al. 

Table 3. Twenty six nearby L, and late-M dwarfs 



DENIS name Time No. of /xRA err^tRA ^DE err/iDE Hi cttHi 77 : max d errd 
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Abbreviations.— D*: DENIS-P 

Col. (1): abbreviated DENIS name. Cols. (2) &: (3): time baseline and number of observations. Cols. (4)-(7): proper motions and 
associated errors. Cols. (8) & (9): /-band reduced proper motion and associated error. Col. (10): maximum reduced proper motion for 
an M giant of the same I — J colour. Cols. (11) & (12): photometric distance and its associated error. 



Table 4. Three red, distant objects 



DENIS name 




Time 


No. of 


fiRA 


err/iRA 


/zDE 


crr/^DE 


Hi 


err Hi 


ijmax 






b.l. (yr) 


obs. 


("yr- 1 ) 


("yr- 1 ) 


("yr- 1 ) 


("yr- 1 ) 


(mag) 


(mag) 


(mag) 


(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


D* J0649299- 


-154104 


15.860 


4 


0.024 


0.021 


-0.033 


0.072 


16.4 


4.0 


8.6 


D* J0719234- 


-173858 


16.179 


4 


0.006 


0.049 


-0.011 


0.009 


13.6 


5.6 


8.3 


D* J0719358- 


-174910 


16.899 


4 


-0.007 


0.013 


-0.006 


0.008 


12.9 


3.7 


8.1 



Cols. (1)-(10): same as Table|3] 



ffr = 6.79 + 1.25(7 - J)- 0.630(1 - J) 2 

+0.108(7 - J) 3 (2) 

The rms dispersion around the fit is 0.1 mag. Figure [3] shows 
the position of the resulting Jf I max V s. (7 — J) curve relative 
to the 29 candidates. The curve well classifies 26 candidates 
as late-M and L dwarfs (Table [3]). The likely giants are DE- 
NIS 0649-1541 and DENIS 0719-1749 (further discussed 
in Section 6) that are in the ultracool dwarf part of the di- 



agram but within 2a of the limit, and the remaining one 
DENIS 0719-1738 that is within la. 



Figure [4] presents the proper motion distribution of our 
sample of 26 ultracool dwarfs (Table|3J. The sample consists 
of 22 high-pm (/i ^ 0.1"yr - ) objects and 4 low-pm (/1 < 
OT'^r- 1 ) ones, giving a low-pm object fraction of 15.4% 
consistent wit h one estimated f or mid-M dwarfs (M5-M8 ) 
of 14.8% (see lCrifo et~aT1l2005l ; |Phan-Bao fc Bessellll2006l ). 
The finding charts of the 26 ultracool dwarfs are given in 
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Figure 5. /-band DENIS finding charts for the 26 L and late-M dwarfs listed in Table[3] The charts are 4.0'x4.0', with North is up and 
East is to the left. [The finding charts will appear here, this figure (>3 Mb) is removed in the version for astro-ph] 



Fig. [5] 20 of these 26 dwarfs are new, 6 are already known 
in the literature (see the caption of Table 6 for references). 



6 SPECTROSCOPIC OBSERVATIONS AND 
ANALYSIS 

6.1 Optical spectroscopic observations 

We observed the candidates on December 17-18 2006 and 
on May 20-25 2007 with the Double Beam Spectrograph 
on the ANU (Australian National University) 2.3m tele- 
scope at Siding Spring Observatory. Both gratings 158g/mm 
and 316g/mm were used and they provided a wavelength 
coverage of 6100-10200 A at 5 and 2 A resolution for 
gratings 158g/mm and 316g/mm, respectively. Exposures 
of 600-1800 seconds were taken, depending on the tar- 
get magnitude. The seeing was around 2.0". The data 
were reduced using the FIGARC0 data reduction sys- 
tem. Smooth spectrum stars were observed at a range 
of airma ss to r e move the telluric li nes using the tech- 
nique of iBesselll (|l999l l. The EG131 [jBesselll fl999h spec- 
trophotometry standard was used for relative flux cali- 
bration, and a NeAr arc provided the wavelength calibra- 
tion. All spectra were normalized over the 7540-7580 A in- 
terval, the denominator of the PC3 index l|Martm et al.l 
1 19991 ) and a region with a good flat pseudo-continuum. 
We also observed V B 8 (M7, for spectral classificati on, see 
iMartfn et ai1ll999ri. VB 10 ( M8, IMartfn et al.lll999T l, LHS 



2065 (M9. IMartfn et al 



19991 ). 2MASS J22431696-5932206 



fLO.lKendall et all 20071) . 2MASS J01282664-5545343 (LI, 
Kendall et all 120071 ) and 2MASS J09211410-2104446 (L2, 
Reid et al.l 2006) with the same instrument setup and used 
them as templates. 

At the resolution of the spectra, M and L dwarfs are 
immediately distinguished from M giants by the presence 
of the Nal and Kl doublets, the presence of FeH bands, the 
appearance of strong CaH cutting into the continuum short- 
ward of 7000 A, and by the absence of the Call triplet (e.g. 
lBessel]lll99lh . 

Figure [6] presents spectra of 26 ultracool dwarfs 
(Table [3]), and Figure [7] shows spectra of the 3 red- 
dened F-K main sequence stars: DENIS 0649-1541, DE- 
NIS 0719-1738, and DENIS 0719-1749. These three stars 
are probably in the background of some molecular clouds 
and reddened by intervening dust. Using SIMBAD, we 
found that DENIS 0649-1541 was in the background of 
the [KKY2004] G226. 7-07.5 molecular cloud, while DE- 
NIS 0719-1738 and DENIS 0719-1749 were in the vicinity 
of the ESO 559—6 planetary nebula. 



6.2 Spectral type classifications and distances 

To estimate the spectral typ es of L and late-M dwarfs, we 
used the PC3 index defined in IMartfn et all [jl999T ) and Ti05 



http: / /www. aao.gov.au/AAO/figaro/ 



defined inlReid. Hawlev fc Gizisl (|l995l ). The VOa index, de- 
fined in iKirkpatrick et al ] <|l999h . saturates in the M8-L0.5 
spectral type range which covers a significant number of 
our ultracool dwarfs, we therefore only used it as a refer- 
ence when there was a large difference (e.g. greater than 2 
subclasses) in the spectral type estimate between PC3 and 
Ti05. We used spectral type v ersus spectral index relations 
to estimate spect ral types, thelCruz fc Reid (2002) relation 
for Ti05 and the IMartfn et al.1 1| 19991) relation for PC3. The 
uncertainty in the spectral indices was calculated based on 
the rms dispersion of the flux around the mean in the wave- 
length regions that were used to calculate the spectral in- 
dices. 

Table 6 (column 13) lists the average value of the two 
spectral types computed from PC3 and Ti05, except for 
three dwarfs DENIS 1126-5003, DENIS 1705-5441, and 
DENIS 1909—1937 whose spectral type estimates were based 
on the PC3 index only. 

We also comp ared all spect r a wit h our t emplates and 
with others from IMartfn et all (|l999h . The IMartfn et all 
(1999) template spectral type ranged from M8 down to L6. 
Spectral type estimates from the best fits are listed in Ta- 
ble 6 (column 15) with a typical uncertainty of 1.0 subclass. 
These values are in good agreement with our spectral types 
estimated from spectral indices. Figure [8] shows two repre- 
sentative cases: DENIS 0630-1840 and DENIS 1909-1937. 
The final spectral type is an average value of the spectral 
type estimated from spectral indices (column 13, Table 6) 
and one from the best fit of templates (column 15, Table 6) 
with an uncertainty of 1.0 subclass. 

To estimate the absolute magnitude Mj of the ultracool 
dwarfs, we used the absolute magnitude Mj versus spectral 
type relation derived from 34 late-M, and L dwarfs (Table[T]). 
The T dwarfs were excluded here since no T dwarf candi- 
dates had been found in our search. A linear least-squares fit 
(Fig. [9} to the data gives the following absolute magnitude- 
spectral type relation: Mj = 8.19 + 0.364xSpT, where SpT 
is the spectral subtype, counted from 8.0 for spectral type 
M8.0 to 18.0 for spectral type L8.0. The standard rms is 
0.30 mag, corresponding to a 14% error on distances. One 
should note that for the spectral type range M8-L5.5 of 
our 26 ultracool dwarfs, the rms is 0. 2 7 ma g which is some- 
what higher than that of lDahn et all (|2002|) (0.25 mag) but 
s maller than th e 0.37 mag of iLiu et al.l (|2006l ) and 0.40 mag 
of iKnapp et~aH (|2004T i. 

Table[7]lists our spectrophotometric distances and asso- 
ciated errors. The errors were computed from an uncertainty 
of ~0.37 mag on Mj corresponding to a spectral type un- 
certainty of 1.0 subclass and errors in the apparent J-band 
magnitudes. 

One should also note that some of the 26 ultra- 
cool dwarfs must be unresolved binaries , whose dis- 
tances are underestimated by up to \/2. Kenda lTet al.l 
(|2007l ) recently reported that D ENIS 1520-4422 (a s 
2MASSJ 15200224-4422419, see als olBurgasser et al.ll2007l ) 
is an L1+L3.5 binary. According to lBouv et al.l ( 20031 ). we 
can expect the binary fraction of our sample to be about 
10%. 
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Figure 6. Spectra of the 26 M8-L5.5 ultracool dwarfs arc plotted by increasing spectral types. 



Table [7] lists our tangential velocity computed from the 
proper motion and the spectrophotometric distance. Two 
of the dwarfs have relative high Vt: 150 and 82 km s _1 
for DENIS 1253-5709 and DENIS 1126-5003, respectively, 
and suggests they may be mild subdwarfs like Kapteyn's 
star. A compa rison of their spectra with the ultracool sub- 
dwar f spectra (jBcsscll 1982; Burg asser. Cruz fc Kirkpatrickl 
12007ft clearly excludes the possibility that they are ultra- 
cool extreme subdwarfs. In addition, all ultracool subd- 
warfs (I — J 2.0, later than ~ sdM9) known to date 
have J - K < 0.7 (e.g. Table 7 of iBurgasser et~ai1 120071 . 
and references therein) meanwhile both DENI S 1253—5709 
and D ENIS 1126-5003 have J - K > 1.2. iFolkes et all 
l|2007l ') have recently reported that DENIS 1126-5003 (or 
2MASS J11263991-5003550) is a possible L-T transition 
object. This can explain the fact that the L dwarf has an 
optical spectral type of L6.0 (this paper) signif icantly ear- 
lier t han its near-infrared spectral type of L9.0 dFolkes et al.l 
12007ft . Further observations would be useful to confirm the 
natur e of th is object as discussed in detail in their paper. 
iTsuiil (|2005l ) discusses complications due to dust formation 
in the spectra of the L-T transition objects. 

6.3 Chromospheric activity 

Using the IRAE0 task SPLOT, we measured Ha equiv- 
alent widths of the 26 ultracool dwarfs (Table [7] col- 
umn 9). Only the M9 dwarf DENIS 1159-5247 (or 
1RXS J115928.5-524717) shows strong Ha emission. This 
M9 dwarf has also shown strong X-ray flaring emis - 
sion (Fuh rmeister fc Schmittl [20031 ; lHambarvan et al.1 120041 ) 
demonstrating that the dwarf has chromospheric and coro- 
nal activity. We measured an upper limit for the remaining 
dwarfs, which have weak or no Ha emission or low signal- 
to-noise spectra. Unsurprisingly, the dissipation of chromo- 
spheric activity in almost our ultracool dwarfs is due to their 
predominantly cool, dense, and highly neutral atmosph eres 
l|Mever fc Mever-Hofmeisterl Il999l ; iMohantv et al.1 12002| ) . 



6.4 A wide binary candidate ~M0+L0 

During the SERC-I (/-band, epoch = 1980.344) image ex- 
amination, we discovered a bright star at the position 
a 2 ooo = 13 h 47 m 55.82 s ,<5 2 ooo=-76 10'20.2", which has a com- 
mon proper motion with DENIS 1347-7610 (L0, /xRA= 
0.193±0.009"yr"\ ^DE= 0.049±0.020"yr _1 ). We measured 
its proper motion pRA= 0.181 ± 0.01l"yr _1 , and ^DE= 
0.031 ± 0.025"yr _1 , in good agreement with the proper mo- 
tion of the L0 dwarf. This primary (hereafter ASIAAa) has 
DENIS photometry I = 9.67 ± 0.02, J = 8.65 ± 0.05, 
and K = 7.81 ± 0.05, giving an /-band reduced proper 
motion (Hi = I + 51og^ + 5) of 11.0±0.2. This value is 
well above (~ 12a) th e maximum reduced proper motion 
l|Phan-Bao et al.l 120031 ') that a red giant can have at the 
colour of ASIAAa (/ — J = 1.02) indicating it must be a 



e IRAF is distributed by the National Optical Astronomy Obser- 
vatories, which are operated by the Association of Universities for 
Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 
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Figure 7. Spectra of three reddened F-G main se quence stars 
(Table|Ul [bottom) A K0V dwarf from lPicklel dl99St) is also plot- 
ted for comparison (top). 

dwarf. Follow-up spectroscopic observation of ASIAAa con- 
firmed that the star is indeed an early M dwarf. 

Figure [10] shows the optical spectrum at 2 A resolution 
of ASIAAa observed at the CTIO 4m-telescope on July 17 
2007. It is verv similar to the spectrum of HD 111631 (~M0) 
from MILES3 (A Medium resolution INT Library of Empir- 
ical Spectra). We therefore adopt a spectral type of M0 for 
ASIAAa, g iving an /-band absolute magnitude Mi = 7.06 
|Besselll fl99lT ). Comparison with the DENIS /-band ap- 
parent magnitude then gives a distance of 33.3±6.1 pc, 
in good agreement with the spectrophotometric distance 
d sp = 24.9±5.2 pc of the L0 dwarf DENIS 1347-7610 (here- 
after ASIAAb). The presence of Balmer line emission (Ha 
and H/3) in ASIAAa indicates that the star is also chromo- 
spherically active. The projected angular separation between 
ASIAAa and ASIAAb is 16.8" or 418 AU at the distance of 
24.9 pc. 



7 SAMPLE COMPLETENESS, AND THE 
LOCAL ULTRACOOL DWARF DENSITY 

The spectral types of almost all our ultracool dwarfs range 
from M8 to L3.5, excepting DENIS 1126-5003 (L5.5). For 

7 http:/ /www. ucm.es/info/Astrof/miles/database/database. html 
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Figure 8. Comparison of spectra between our objects (black 
lines) a nd templates (blue lin es): DENIS 0630-1840 and our M8 
(VB lO. IVan Biesbroecklll96ll) template f topi DENIS 1909-1937 
and an L2 template from Martin et al.lll999l) (bottom). 



an L3.5 dwarf, we have Mj = 12.95, M K = 11.46 (e.g. 
IVrba et all 12004! ) , and / - J ~ 3.7 (see Table [TJ. The lim- 
iting magnitudes of DENIS are / = 18.5, J = 16.5, and 
K = 14.0, giving a detection limited distance for L3.5 dwarfs 
of ~23.5 pc. This limit for L5.5 dwarfs is about 15 pc, we 
therefore did not include DENIS 1126-5003 (L5.5) in our 
sample for the statistics. One should note that a relaxation 
of the request of detections in all three DENIS bands (e.g. 
only requiring detections in the J and K bands) might al- 
low us to detect cooler L dwarfs as we discussed for T dwarf 
detection (see Section 3). However such a search is outside 
the scope of this paper. 

The differential spectrophotometric distance distribu- 
tion of that sample (Fig. 1 1 1 p is well fitted by a d 2 distribu- 
tion, as expected for a constant density population, out to 
~22 pc. The difference from the initial 30 pc selection cut- 
off reflects the detection limiting distance of DENIS for ul- 
tracool dwarfs and the different colour-magnitude relations 
used in the selection and in the final spectrophotometric dis- 
tance estimate. We conservatively adopt 22 pc as the com- 
pleteness limit of our sample, and use the 18 objects (Ta- 
ble within that distance to determine the local density of 
ultracool dwarfs. 

A sample limited by spectrophotometric distance is ef- 
fectively a magnitude-limited sample with a spectral type 
(or colour)-dependent magnitude limit. As such, the disper- 
sion in the spectral type-absolute magnitude relation has 
two di stinct effects on the statistics of the stellar popu- 
lation (|Stobie. Ishida fc Peacockl IT989). First, the average 
luminosity of stars at a given spectral type (o r colour) is 
incre ased; this is the classical Malmquist bias ( Ma lmquistl 
Il936j ). Second, due to the dispersion of the distance esti- 
mator a magnitude-limited sample includes more stars at a 
given spectral type. 
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Figure 9. Absolute magnitude Mj versus spectral type diagram 
for 34 late-M, and L dwarfs, plotted as solid triangles (data in 
Table [TJ. 



O 



o 

o 2 



XJ 
CD 
N 




5000 6000 

Wavelength (A) 



'000 



Figure 10. Comparison of spectra between ASIAAa (bottom) 
and the HD 111631 (M0) template (top) from MILES. The Balmer 
line emission is indicated. 
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Figure 11. Number of ultracool dwarfs per 2.5 pc spectrophoto- 
metric distance bin over 4,800 square degrees. The errorbars are 
poissonian 1<t errors and the curve is the expected d 2 distribution, 
normalized at 16 pc. 

Here we study the sample of ultracool dwarfs M8- 
L3.5 over 11.1 Mj ^ 13.1. The first component of the 
Malmquist bias is therefore irrelevant, since firstly we do 
not look for any significant luminosity resolution, and sec- 
ondly the luminosity function is suffici ently flat over the M8- 
L3.5 spectral range <|Cruz et al.ll2007l ) that a small shift in 
the average luminosity will not measurably affect the re- 
sulting density. The second component of the bias, on the 
other hand, is significant. For a gaussian dispersion of the 
colour- luminosity r elation it can be computed analytically 
i|Stobie et al.lll989l ): 

A$ It ■) 

^ = V(0.6 lnlO) 2 (3) 

where $ is the luminosity function and a is the intrin- 
sic rms scatter in the spectral type-luminosity relation. The 
scatter in the Mj versus spectral type relation is a ~ 0.27 
mag (Fig.[5J), which corresponds to a 7% overestimate of the 
stellar density. 

The mean surface density of our sample, 0.38 ± 
0.10 objects per 100 square degrees out to 22 pc, cor- 
responds to an uncorrected luminosity function of $j = 
(1.76 ± 0.46).10~ 3 dwarfs mag -1 pc -3 . After correcting 
for the Malmquist bias, this becomes $j cor = (1.64 ± 
0.46).10~ 3 dwarfs mag -1 pc~ 3 , averaged over 11.1 ^ Mj ^ 
13.1. Ou r value is i n goo d agreement within error bars 
with the I Cruz et all l|2007h measurement of <£>j = (0.95 ± 
0.30).10~ 3 dwarfs mag" 1 pc" 3 , averaged over 11.25 ^ Mj ^ 
13.25 (see their Table 11 and Fig. 17) for M8-L4 ultracool 
dwarfs at high Galactic latitude (|6| > 10°). This clearly 
demonstrates that the space density of ultracool dwarfs 
(M8-L3.5) in the solar neighbourhood does not depend on 
Galactic latitude, as expected. 



8 SUMMARY 

We discovered 20 nearby ultracool dwarfs M8-L5.5 with one 
L3.5 at only ~10 pc and reidentified six known ones at low 
Galactic latitude. Four of them are low-pm ultracool dwarfs, 
giving a significant fraction of ~ 15% of our sample. These 



ultracool dwarfs provide us additional targets for detailed 
studies of the basic physical properties of stars at the bottom 
of the main sequence. 
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Table 6. 26 nearby L, and late-M dwarfs 



DENIS name 


PC3 


err 


Ti05 


err 


VOa 


err 


Sp.T 


err 


Sp.T 


err 


Sp.T 


Sp.T 


err 


Sp.T 


Sp.T 


Refs. 






(PC3) 




(Ti05) 




(VOa) 


(PC3) 




(Ti05) 




(VOa) 


(index) 




(temp.) 


(adopted) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


D* 0615-0100 


3.73 


0.48 


0.871 


0.211 


2.05 


0.43 


L2.3 


0.4 


L1.2 


1.2 


L2.3 


L2.0 


1.0 


L2.5 


L2.5 




D* 0630-1840 


2.63 


0.20 


0.336 


0.030 


2.35 


0.30 


L0.1 


1.4 


M8.1 


0.2 


L0.2 


M9.0 


1.0 


M8.0 


M8.5 




D* 0644-2841 


2.38 


0.29 


0.315 


0.067 


1.92 


0.63 


M9.7 


0.8 


M8.0 


0.4 


L3.2 


M9.0 


0.5 


M9.5 


M9.5 


1 


D* 0652-2534 


2.28 


0.22 


0.768 


0.040 


2.27 


0.24 


M9.5 


0.6 


L0.6 


0.2 


L0.7 


LO.O 


0.5 


M9.5 


LO.O 




D* 0716-0630 


3.01 


0.32 


0.590 


0.166 


2.45 


0.65 


L1.7 


1.5 


M9.6 


0.9 


M9.5 


L0.5 


1.0 


L1.0 


L1.0 




D* 0751-2530 


3.79 


0.40 


0.985 


0.116 


2.29 


0.33 


L2.4 


0.3 


L1.8 


0.7 


L0.6 


L2.0 


0.5 


L1.0 


L1.5 




D* 0805-3158 


1.95 


0.16 


0.180 


0.114 


2.19 


0.24 


M8.5 


0.7 


M7.2 


0.6 


M6.8 


M8.0 


0.5 


M8.0 


M8.0 




D* 0812-2444 


3.11 


0.38 


1.086 


0.151 


2.28 


0.49 


L1.8 


0.3 


L2.4 


0.9 


L0.7 


L2.0 


0.5 


L1.0 


L1.5 




D* 0823-4912 


3.52 


0.68 


0.885 


0.077 


2.07 


0.57 


L2.1 


0.6 


L1.2 


0.4 


L2.2 


L1.5 


0.5 


L1.0 


L1.5 




D* 0828-1309 


2.54 


0.32 


0.750 


0.201 


2.16 


0.44 


LO.O 


1.5 


L0.5 


1.1 


L1.5 


L0.5 


1.5 


L1.0 


L1.0 


2 


D* 1048-5254 


2.91 


0.49 


0.874 


0.242 


2.77 


0.77 


L1.6 


1.8 


LI. 2 


1.4 


M7.3 


L1.5 


1.5 


L1.0 


LI. 5 




D* 1126-5003 


11.03 


8.17 


0.772 


0.395 


1.46 


0.98 


L5.9 


4.3 


L0.6 


2.2 


L6.5 


L6.0 


4.5 


L5.0 


L5.5 


3 


D* 1157-4844 


2.54 


0.33 


0.819 


0.102 


2.48 


0.57 


LO.O 


1.5 


L0.9 


0.6 


M9.3 


L0.5 


1.0 


L1.0 


L1.0 




D* 1159-5247 


2.16 


0.14 


0.429 


0.017 


2.21 


0.26 


M9.2 


0.5 


M8.7 


0.1 


M7.0 


M9.0 


0.5 


M9.0 


M9.0 


4 


D* 1232-6856 


1.94 


0.16 


0.217 


0.014 


2.68 


0.79 


M8.4 


0.7 


M7.5 


0.1 


L1.9 


M8.0 


0.5 


M8.0 


M8.0 




D* 1253-5709 


2.22 


0.42 


0.987 


0.336 


2.43 


0.66 


M9.3 


1.5 


L1.8 


1.9 


M9.6 


L0.5 


1.5 


LO.O 


L0.5 




D* 1347-7610 


2.28 


0.74 


0.498 


0.536 


2.33 


2.17 


M9.5 


2.9 


M9.0 


3.0 


L0.3 


M9.5 


3.0 


LO.O 


LO.O 


5 


D* 1454-6604 


4.60 


1.76 


1.293 


0.121 


1.79 


1.05 


L3.0 


1.5 


L3.6 


0.7 


L4.1 


L3.5 


1.0 


L3.5 


L3.5 




D* 1519-7416 


2.17 


0.28 


0.192 


0.074 


2.22 


0.43 


M9.2 


1.0 


M7.3 


0.4 


M7.1 


M8.5 


0.5 


M9.0 


M9.0 




D* 1520-4422 


2.52 


0.68 


0.826 


0.163 


1.73 


0.50 


LO.O 


2.0 


L0.9 


0.9 


L4.6 


L0.5 


1.5 


L1.0 


L1.0 


5 


D* 1705-5441 


2.06 


0.57 


0.007 


0.011 


2.58 


1.44 


M8.9 


2.6 


M6.3 


0.1 


L0.9 


M9.0 


2.5 


M8.0 


M8.5 




D* 1733-1654 


2.62 


0.40 


0.725 


0.081 


2.17 


0.48 


L0.1 


1.6 


L0.3 


0.5 


L1.5 


LO.O 


1.0 


L1.0 


L1.0 




D* 1745-1640 


3.23 


0.73 


0.636 


0.157 


1.95 


0.71 


L1.9 


1.9 


M9.8 


0.9 


L3.0 


L1.0 


1.5 


L2.0 


L1.5 




D* 1756-4518 


1.97 


0.20 


0.310 


0.177 


2.38 


0.36 


M8.5 


0.8 


M8.0 


1.0 


M8.8 


M8.5 


1.0 


M9.0 


M9.0 




D* 1756-4805 


2.40 


0.39 


0.450 


0.270 


2.42 


0.60 


M9.8 


1.7 


M8.8 


1.5 


M9.7 


M9.5 


1.5 


LO.O 


LO.O 




D* 1909-1937 


2.58 


0.89 


1.851 


1.283 


2.29 


1.38 


L0.1 


2.7 


L6.7 


7.3 


L0.7 


LO.O 


2.5 


L2.0 


L1.0 





s 
to 

2 



Abbreviations.— D*: DENIS 

Col. (1): a bbreviated DENIS name . Cols. (2)-(7): spectroscopic indices and associated errors. PC3 defined iMartfn et al.1 (119991 ); Ti05 defined in iReid et al.l d 19951) ; 
VOa defined i n [Kirkpatrick et ail (| 1999h . Cols. (8)-(12): spectral types derived from the PC3, Ti05, and VOa index using the formula given in iMartm et al.l } 1999f ) and 
ICruz fc Reidl (|2002T ) and their associated errors (only for PC3 and Ti05). Cols. (13) & (14): the mean spectral type derived based on PC3 and Ti05 and its associated 
errors (see Section 6.2). Col. (1 5): spectral type estimated from comparison with templates. Col . (16): the adopted spectral type (see Sec tion 6.2). Co l . (17) : references; 
(1): 2MASS J06441 43-284141.ICruz et all (120031 ); (2): SSSPM J0829- 1309, IScholz fc Meusingerl ((20021 ): (3): 2M ASS J11263991- 5 00355 0, iFolkes et al.1 (120071 ): (4): 1RXS 
J115928.5-524717, lHambarvan et all (120041 ); (5): [Kendall et all (|2007T ). for 2MASS J15200224-4422419 see also iBurgasser et all (|2007l ). 
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Table 7. 26 nearby L, and late-M dwarfs 



DENIS 


name 


Sp.T 


Mj 


d sp 


err 


Vt 


err 


EW 


Refs. 










(pc) 


(P<0 


km s _1 


km s~ 1 


Ha(A) 




(1) 




(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


DENIS 


0615-0100 


L2.5 


12.74 


16.0 


3.3 


18 


5 


<7.0 




DENIS 


0630—1840 


M8.5 


11.28 


19.3 


3.9 


56 


12 


<18.0 




DENIS 


0644—2841 


M9.5 


11.65 


26.8 


5.6 


11 


13 


<10.0 


1 


DENIS 


0652—2534 


LO.O 


11.83 


14.9 


3.0 


17 


4 


<1.0 




DENIS 


0716-0630 


L1.0 


12.19 


22.0 


4.6 


13 


3 


<4.0 




DENIS 


0751-2530 


LI. 5 


12.38 


14.8 


2.9 


63 


13 


<5.0 




DENIS 


0805-3158 


M8.0 


11.10 


26.4 


5.4 


32 


7 


<3.0 




DENIS 


0812—2444 


LI. 5 


12.38 


20.1 


4.3 


18 


5 


<5.0 




DENIS 


0823—4912 


LI. 5 


12.38 


17.4 


3.6 


11 


3 


<5.0 




DENIS 


0828—1309 


L1.0 


12.19 


12.7 


2.5 


33 


8 


<4.0 


2 


DENIS 


1048—5254 


LI. 5 


12.38 


21.0 


1.6 


18 


5 


<3.0 




DENIS 


1126—5003 


L5.5 


13.83 


10.6 


2.2 


82 


17 


<12.0 


3 


DENIS 


1157-4844 


L1.0 


12.19 


23.3 


4.9 


6 


3 


<2.0 




DENIS 


1159-5247 


M9.0 


11.47 


9.6 


1.9 


19 


10 


15.0 


4 


DENIS 


1232-6856 


M8.0 


11.10 


18.0 


3.5 


18 


4 


<6.0 




DENIS 


1253-5709 


L0.5 


12.01 


19.4 


4.0 


150 


31 


<7.0 




DENIS 


1347-7610 


LO.O 


11.83 


24.9 


5.2 


2.3 


7 


<10.0 


5 


DENIS 


1454-6604 


L3.5 


13.10 


10.5 


2.1 


32 


7 


<5.0 




DENIS 


1519-7416 


M9.0 


11.47 


25.4 


5.2 


40 


10 


<2.0 




DENIS 


1520-4422 


L1.0 


12.19 


16.2 


3.2 


56 


12 


<4.0 


5 


DENIS 


1705-5441 


M8.5 


11.28 


27.2 


5.7 


10 


3 


<6.0 




DENIS 


1733-1654 


L1.0 


12.19 


19.2 


4.0 


9 


4 


<2.0 




DENIS 


1745-1640 


LI. 5 


12.38 


18.7 


4.1 


11 


5 


<9.0 




DENIS 


1756-4518 


M9.0 


11.47 


14.8 


3.0 


14 


3 


<2.0 




DENIS 


1756-4805 


LO.O 


11.83 


20.0 


4.3 


9 


3 


<13.0 




DENIS 


1909-1937 


L1.0 


12.19 


26.9 


6.0 


20 


10 


<5.0 





Col. (1): abbreviated DENIS name. Col. (2): spectral type determined in this paper. Col. (3): J-band absolute magnitude computed 
from spectral type using the calibration in this paper. Cols. (4) &: (5): spectrophotometric distance and its associated error. Cols. (6) & 
(7): tangen t ial ve locity and its associated er ror. Col. (8): Ha equivalen t widths (A). Col. (9): references; (1): 2MASS J06441 43-284141, 
ICruz et al.|[|2003r i; (2): SSSPM J0829-1309.IScholz fc Meusineerl ll2002h ; (3): 2MASS J11263991-5003550, [Folkes et al.N2007f); (4) : 1RX S 
J115928.5-524717. lHambarvan etaT] <2004li ; f5) : iKendall et al.M2007ft . for 2MASS J15200224-4422419 see also iBureasser et ai]<2007ft . 



